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P erceptual retraining is an accepted part of occu pational therapy practice with perceptually im paired adults with brain injuries (Hopkins & Smith, 1983 : Trombly, 1983 Wahlstrom, 1983) Many therapists follow a remedial, or transfer of training, approach to treat perceptual impairment (Kunstaet ter, 1988; Neistadt, 1986; Neistadt, 1988; Siev, Friesh tat, & Zoltan, 1986) . This approach involves the use of tabletop perceptual drills or activities, such as par quetry block, pegboard, and puzzle assembly, to pro mote normal skill levels. Although the occupational therapy literature suggests specific drills or activities for specific perceptual deficits, it does not offer de tailed gUidelines and protocols for the use of those activities in treatment (Abreu & Toglia, 1987; Ander son & Choy, 1970; Gregory & Aitken, 1971; Holzer, Stiassny, Senner-Hurley, & Lefkowitz, 1982; Hopkins & Smith, 1983; Siev et al., 1986) . Research is needed to establish such protocols so that perceptual deficits can be treated more systematically.
Protocols for any treatment modality should in clude (a) criteria for the successful performance of clients, (b) graded levels of task difficulty, (c) gUide lines for interpreting and evaluating performance, and (d) gUidelines for therapeutic modifications of the task (Diller, Ben-Yishay, Gerstman, Goodkin, Gordon, & Weinberg, 1974; Trombly, 1983) . This study establishes the first two protocol components -criteria for performance and graded levels of diffi culty-for a parquetry block assembly task. Because occupational therapists often use the parquetry block assembly task to promote normal perceptual skills in adults with perceptual impairment, the criteria for performance were established by giving the task to a sample of normal adults. Levels of difficulty were ex plored with the use of two dependent variables: (a) presence or absence of color on the model design card and (b) amount of detail on the model design card.
Literature Review
Constructional praxis may be defined as the ability to articulate parts into a single entity or object (Benton, 1979) . This ability is considered essential to draWing, both with and without a model; matching blocks, sticks, or shapes to a model; building a structure using blocks, sticks, or shapes to match a model; and per forming functional activities, such as dressing or set ting a table. The successful performance of these ac tivities requires the integration of visual perception, motor planning, and motor execution (Banus, 1971; Benton, 1979; Fall, 1987; Lezak, 1983; Strub & Black, 1977) . Constructional impairment in adults has been found to be associated with bilateral brain lesions (Critchley, 1953; Strub and Black, 1977) , with lesions to either cortical hemisphere (Benton, Hamsher, Var ney, & Spreen, 1983; Black & Strub, 1976; Costa & Vaughan, 1962; Critchley, 1953; Goodglass & Kaplan, 1979; Hecaen & Assai, 1970; Piercy, Hecaen, & de Ajuriaguerra, 1960; Strub & Black, 1977) , with poste rior hemispheric lesions (Benton et aI., 1983; Black & Strub, 1976) , with frontal lobe lesions (Luria & Tsvet kova, 1964) , with corpus callosal lesions (Gersh & Damasio, 1981; Graff-Radford, Welsh, & Godersky, 1987) , or with subcortical lesions (Agostoni, Colletti, Orlando, & Tredici, 1983 ) Siev et al. (1986 suggested the use of the par quetry block assembly task to remediate construc tional deficits. This therapeutic task requires the par ticipant to build a design with wooden blocks, using a two-dimensional design card as a model. The wooden blocks come in six colors (red, blue, purple, orange, yellow, and green) and three shapes (square, triangle, and diamond). Design cards are available in color and in black-and-white. Within each of these color condi tions, designs range between haVing the full outline of each block drawn and haVing only the perimeter of the design drawn. Siev et al. (1986) did not offer specific treatment gUidelines and protocols for the use of parquetry blocks in constructional praxis training. The lack of such guidelines could make treatment imprecise. A critical analysis of studies on remedial perceptual training suggests that this imprecision could nega tively affect the measurement of treatment efficacy (Neistadt, 1988) Diller and Weinberg (1977) , for instance, found greater functional improvement in patients receiving a structured remediation program for hemi-inatten tion than in a control group of patients receiving occu pational therapy for deficits in eye-hand coordina tion. The researchers identified four variables of letter cancellation tasks that influenced the tendency of the subjects to ignore letters in the left visual field: locus of stimuli, anchoring, pacing, and density. From ob servations, the researchers generated treatment pro cedures.
By contrast, Taylor, Schaeffer, Blumenthal, and Grisell (1971) found no difference in the perfor mance of activities of daily living between groups of left-hemiplegic subjects treated with either motor control or perceptual-cognitive programs. This may have been due to the imprecision of the study's treat ment protocols. The motor-control program, for ex ample, included parquetry block assembly and pro prioceptive neuromuscular facilitation-activities that have strong perceptual retraining components. Consequently, both groups were receiving perceptual retraining; the treatment protocols used were not spe cific enough to differentiate between motor-control and perceptual-cognitive programs. A sharp contrast
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between these two types of treatment might have yielded very different results.
To examine the efficacy of the remedial percep tual treatments used in occupational therapy, then, the treatment procedures must be precisely defined with protocols. These protocols need to take into ac count the sex-specific differences in perceptual skills that are documented in the literature (Lezak, 1983; Restak, 1979) . In the present study I sought to estab lish two protocol elements for the parquetry block assembly task: performance criteria and graded levels of task difficulty. For this purpose I tested the follow ing hypotheses:
1. Subjects who complete designs modeled in color will do so significantly faster than sub jects who complete designs modeled in black-and-white. 2. Subjects who complete designs modeled with full detail will do so significantly faster than subjects who complete designs modeled with partial detail. 3 Male subjects will complete all deSigns signif icantly faster than female subjects. 4. Subjects who complete designs modeled in color will make significantly fewer errors than subjects who complete designs modeled in black-and-white 5 Subjects who complete designs modeled with full detail will make significantly fewer errors than subjects who complete designs modeled with partial detail. 6. Male subjects will make significantly fewer errors on all designs than female subjects. 7. The sequence of design card difficulty, from least difficult to most difficult (as measured by speed and error scores), will be as follows: colored cards with full detail, colored cards with partial detail, black-and-white cards with full detail, black·and-white cards with partial detail.
Hypotheses 1, 4, and 7 were derived from my clinical experience; Hypotheses 2, 3, 5, and 6 were developed from the neuropsychology literature (Lezak, 1983; Restak, 1979; Walsh, 1978) 
Method

Design
A balanced factorial deSign was used to gather infor mation. Subjects were divided into four groups of 24 (12 men and 12 women per group), one group for each of four design card conditions. Subjects were assigned randomly to the four groups.
The design card conditions were as follows: (a) colored cards with full detail, that is, with the outline of each block in the design drawn in; (b) black-and white cards with full detail; (c) colored cards with partial detail, that is, with 15 block boundary lines in the design omitted; and (d) black-and-white cards with partial detail. There were three deSign cards in each condition (see Figure 1) ; each subject con structed three deSigns. All six possible orders of pre sentation for each set of three cards were given twice to the men and women in each group. Subjects were randomly aSSigned an order of presentation. All de sign cards measured 914 in. (25 cm) on each side, and 32 wooden blocks were required to construct each design.
Subjects
Subjects were 18-to 34-year-old right-handed college students or college graduates from the suburban Bos ton area with no history of neurological or learning problems (all criteria were determined through re ports from subjects). The 96 subjects (48 men and 48 women) were recruited through verbal announce ments in classes taught by me and other professors interested in this project and by word of mouth among students and their friends. The mean age of subjects was 21.84 years (SD = 333). The subjects' college majors varied (see Ta  ble 
Procedures
Before each testing session, the study was explained to the subject, and informed consent was obtained. For each of the three trials, a covered design card was propped up vertically on a table in front of the subject. The 32 wooden blocks were laid out randomly in front of the design card. A white cardboard tray, sized correctly for each design, was placed on the table in front of the blocks.
Subjects were asked to identify the block colors before the first design card was unveiled; this tested color perception, which was intact for all subjects. Subjects were then asked to construct in the card board tray the design shown on each successive card. The subjects were told to do so as quickly and as accurately as possible, beginning when the design card was unveiled. The subjects were instructed to use the correctly colored wooden blocks to match the color cards and to ignore the color of the wooden blocks for black-and-white cards. Subjects were also told that they cou ld stop at any time if they felt the task was too frustrating. Subjects were timed from the un veiling of the design card to the completion of the design or to the point at which they said they could not solve the design and wanted to stop. Error scores were determined by counting the number of incor rectly placed or unplaced blocks after the subject fin ished each design.
Materials
Parquetry sets comprising 32 wooden blocks, avail able from Learning Resources, Inc., anel Developmen tal Learning Materials, and twelve 9:X in. (25 cm) square design cards were used for all testing. The colored cards were manufactured by Learning Re sources, Inc.; the black-and-white cards were made by tracing the color cards. The designs of the cards used are shown in Figure 1 .
Results
The dependent variables in this study were speed and accuracy, measured, respectively, by the subjects' per formance time and the number of misplaced blocks in the completed design. Only 6 subjects had errors in their completed designs-too few for statistical analy sis. Consequently, Hypotheses 4, 5, and 6, which re lated to errors, could not be tested. Hypotheses 1, 2, and 3 were tested by analyZing the total time scores (Trial 1 + Trial 2 + Trial 3) for all subjects The deSig nated significance level was .05.
A three-factor analysis of variance (ANOVA) for all subjects' total time scores (see Table 2 ) indicated significant main effects for sex (p = .0092), color (p = .0237), and amount of detail (p = .000l) Interaction effects were significant for sex by amount of detail Cp = .0052) and for color by amount of detail (p = .0274). The main effects support Hypotheses 1, 2, and 3 as follows:
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Main effect· Sex. The results of the t tests, which were performed to compare the mean lOtal time scores for the men and women within each deSign card condition, indicated that the men were signifi cantly faster than the women only in the colored, par tial detail design card condition (t = 4.31, dI= 13.7, p =0008) .
Main effects. Color and amount of detail A two factor ANOVA was done to discern the effect of color and detail on speed for each sex. The color main effect results of these tests indicated that men con structed deSigns significantly faster when color was available as a cue in the design card [F(l, 44) = 6.25, P = .0162]; the color cue did not significantly improve womens' time scores, FCl, 44) = 0.81, P = .3732. The detail main effects showed that both men, F(l, 44) = 17.80, P = .0001, and women, F(l, 44) = 53.73, P = .0001, performed faster with fu 11 detail deSign cards than with partial detail design cards.
Interactions' Sex by detail and color by detail. A two-factor ANOVA was done to discern the effect of the design cards' color and subjects' sex on speed for each detail condition. Sex main effect results from these tests indicated that men were significantly faster than women only in the partial detail deSign card Performance of all subjects improved signifi cantly over the three trials, regardless of design card condition or order of pattern presentation [Wilks's cri· terion, F(2, 94) == 9.33, P = .0002] (see Table 3 ).
Paired t tests showed a significant improvement be tween performances on the first and second trials (t = -3.52, df = 95, P = .0007), and between perfor mances on the first and third trials (t = -4.33, df= 95, P == .000l). Improvement between performances on the second and third trials was not significant.
Wilks's criterion tests showed a definite pattern effect for the partial detail design patterns, F(2, 46) = 18.38, P = .0001, but not for full detail patterns, F(2, 46) == 2.68, P == .0792. Paired t tests for the partial Table 4 detail patterns (see bottom of Figure 1 ) indicated that Pattern 1 was significantly easier than both Pattern 2 (t = 3.85, df= 47, P = .0004) and Pattern 3 (t == 5.35, df= 47, P = .000l). Table 5 provides additional infor mation on subjects' performances with different patterns.
Discussion
The convenience sample used in this study may not be representative of the general college population because of the sample's disproportionate numbers of occupational therapy and social science students (see Table 1 ). However, for occupational therapists work ing with young college-educated adults with brain in jury resulting in constructional impairments, the re sults of this study proVide (a) normative criteria for successful client performance and (b) a description of graded levels of task difficulty for a parquetry block assembly task, which is often used to treat construc tional deficits. These results cannot, however, be gen eralized to older adults or to young adults who have never attended college.
Performance Criteria
Accuracy. Since nearly all normal young adults in this study correctly reconstructed the designs, a nor mal performance on this task within this young col lege-educated group would be to show no errors in the completed construction. The 6 subjects who made errors did so with the most difficult partial detail de signs-Patterns 2 and 3 (see Figure 1) . Therefore, the occupational therapy practitioner might expect pa tients to make errors when working with similar de sign cards.
Speed. The minimum and maximum time scores listed in Tables 4 and 5 can be used as realistic ranges for accurate performances with various full-detail de sign cards and patterns. A realistic performance time for a male client to complete three constructions from colored cards with full detail, for instance, would be between 2.93 and 10.17 min. A realistic performance time for a male client to complete one construction from a colored card with full detail wjth a pattern that looked three·dimensional (Pattern 3) would be be· tween 0.80 and 270 min. These time ranges could also be used to set spe· cific treatment goals for this therapeutic modality, such as the following: The client will be able to com· plete three block constructions from colored cards with full detail within 10 minutes or less. A male client who achieved this goal would be performing normally on this task and would be ready to move on to something more difficult.
Graded Levels of Difficulty
The results of this study suggest that the clinical se quence of design card difficulty, from least difficult to most difficult, should be colored card with full detail, black-and·white card with full detail, colored card with partial detail, and black-and-white card with par tial detail. Although there was no significant differ ence in performance times among subjects using the full detail carus, there was a trend, particularly in the female group, for performance with the black-and white, full detail cards to be slower (see Table 4 ). Would this trend be present in clients with brain in jurii Since these clients generally rely on environ mental cues to compensate for their decreased pro cessing abilities (Rosenthal, Griffith, Bond, & Miller, 1983) , would removing the color cue from the full detail cards make this task significantly more difficult for them? Replicating this study with young adults with brain injury might answer these questions. Another nonsignificant, but clinically relevant, trend in the normal population was for subjects to have more difficulty working from full detail cards that looked three-dimensional, namely, cards that had intersecting horizontal and diagonal lines (see Table  5 ) Again, this trend might be more pronounced in persons with brain injury because of their perceptual and cognitive processing deficits. The sequence from less difficult to more difficult for full detail patterns, then, would be from patterns that looked two-dimen sional to those that looked three-dimensional. The sequence from less difficult to more difficult for par tial detail patterns would be from patterns that had squares in the corners to those that had triangles and diamonds in the corners (see Table 5 ).
Practice Effect
Subjects' improvements across three trials suggest that learning took place with very little practice. How ever, we do not know if that learning was task specific or if it was generalized to other constructional tasks. Would we see a practice effect on this task for clients with brain injury? If yes, how many trials would be needed, and would task learning generalize to func tional activities? Treatment studies using this modality with young adults with head injury are needed to an swer these questions.
Testing Behaviors
Most subjects said the parquetry block assembly task was fun. Several conditions could have contributed to this attitude: (a) all subjects understood the purpose of the task, that is, they all knew they were contribut ing to clinically relevant research; (b) all subjects knew that other young adults were also doing the task and for the same reason; and (c) most subjects felt challenged by being timed. These conditions could be applied to clinical situations to make this modality more fun for clients: (a) clients should be given a clear explanation of the purpose of this task, includ ing examples of how improved constructional skills might help them with activities of daily living; (b) clients should know that other clients with similar problems have used this task to improve their percep tual skills, and (c) clients should get feedback about their speed of performance so that they can be chal lenged to improve their speed.
In addition to the clinical research directions suggested above, further studies could be done with the parquetry block modality to expand the informa tion base about normal adult performance. Non-col lege-educated young adults, adults from varying occu pational groups, and well elderly persons could all proVide additional clinically relevant information about normal adult performance on this treatment task.
Conclusion
This study found that the performance of normal young college-educated adults on a parquetry block assembly tasks was influenced by the subject's sex and by the presence or absence of color and the amount of detail on the model design card. For occupational therapists who use this constructional task with young adults with brain injUry and constructional deficits, these results provide two elements of a comprehen sive treatment protocol: (a) criteria for the successful performance of clients and (b) a description of graded levels of task difficulty. This process of gather ing information on normal adult performance regard ing this occupational therapy modality could be gen eralized to other perceptual remedial tasks.
